Introduction
In recent years, several studies have examined the technical, cost, and more recently profit efficiency of banks 1 . A smaller but growing and equally important strand of the literature focuses on productivity change. Following one of the earliest studies in the field, which examines the Norwegian banking sector (Berg et al., 1992) , more recent studies focus on various other countries such as Germany (Lang and Welzel, 1996) , Spain (Grifell-Tatje and Lovell, 1997), USA (Wheelock and Wilson, 1999; Mukherjee et al., 2001; Daniels et al., 2005) , Australia (Worthington, 1999; Neal, 2004) , Portugal (Mendes, Rebelo, 1999) , UK (Drake, 2001) , Malaysia (Dogan and Fausten, 2003) , Japan (Fukuyama and Weber, 2002) , Korea (Park and Weber, 2006) , Turkey (Isik and Hassan, 2003) , Canada (Asmild et al., 2004) , India (Galagedera and Edirisuriya, 2004) , and Italy among others.
There are also a few studies that examine cross-country samples. For example, focus on large banks from the principal EU banking sectors (i.e.
France, Germany, Italy, Spain, UK) over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] . In a latter study, Casu and Girardone (2005) examine the same sample while focusing on the impact of offbalance sheet times on productivity change. Finally, Molyneux and Williams (2005) examine the productivity of cooperative banks operating in ten European banking sectors over the period 1996-2003.
The present study uses the Malmquist TFP index 2 to examine, for the first time, the productivity growth of Greek cooperative banks. Previous studies that examine the productivity of the Greek banking sector are the ones of Noulas (1997), Apergis and Rezitis (2004) and Rezitis (2006) . Noulas (1997) While cooperative banks hold a relatively small market share in the Greek banking sector, they play an important role in the development of the local economy.
They mainly focus on small and medium enterprises and private citizens, provide support, and encourage the development of local enterprises. They attempt to offer competitive banking products adjusted to local conditions and with operational features, with an objective of being established as reliable, friendly, and flexible.
Hence, an assessment of their productivity growth over the last years can be of special interest to several stakeholders such as customers-members, bank managers, local community, and of course bank regulators.
The rest of the paper is structured as follows. Section 2 presents the methodology and data. Section 3 discusses the empirical results. Section 4 outlines the concluding remarks.
Data and Methodology

The Malmquist TFP index
Following Fare et al. (1994) 
As Coelli et al. (2005) point out, to avoid the necessity of either imposing restrictions or arbitrarily choosing one of the two technologies, the Malmquist TFP index is derived as the geometric mean of these two indices as follows 
whereas the scale efficiency change is given by 
SECH is actually the geometric mean of two scale efficiency change measures, the first relative to the period t technology, the latter relative to the period s technology.
The subscripts, v and c, refer to the VRS and CRS technologies, respectively. Hence,
which results in (5) being rewritten as TFPCH = PTECH x SECH x TCH (9)
Data
Our sample consists of a balanced panel dataset of 78 observations from 13 Greek cooperative banks 6 over the period [2000] [2001] [2002] [2003] [2004] [2005] . The financial data were extracted from income and balance sheet statements provided by the ACBG. Additional information about the number of employees was also obtained from ACBG.
As mentioned in several studies, there is no general agreement in the literature as for the proper definition of inputs and outputs. Bergendahl (1998) In the present study, we follow both approaches and compare the results.
Under the intermediation approach (Model 1), we use three inputs and two outputs.
The three inputs are: fixed assets (X 1 ), number of employees (X 2 ), and deposits (X 3 ).
The two outputs are: loans (Y 1 ), and liquid assets and investments 7 (Y 2 ). Under the production approach (Model 2), deposits also become an input. Hence, Model 2 has two inputs and three outputs. (1998) report that the average one-year-old de novo US bank is far less profit efficiency than the average established bank. Second, because the estimation of the total productivity factor with the software that we use (DEAP 2.1; Coelli, 1996) requires a balanced panel dataset. We exclude two more banks due to zero values in inputs/outputs which cannot be accommodated in our software. While our sample appears small in absolute terms, it is comparable to previous studies that examine efficiency and productivity issues in the Greek commercial banking sector as well as in other countries. For example, Apergis and Rezitis (2004) and Rezitis (2006) examine six banks, Karafolas and Mantakas (1996) examine eleven banks, while the sample in Pasiouras (2006) ranges between twelve and eighteen banks. Several studies outside Greece have also used relatively small samples, including the study of Chu and Lim (1998) that examines as few as six banks, Drake (2001) that examines only nine UK banks and Neal (2004) that examines twelve Australian banks. After all, one of the most well known advantages of DEA and consequently DEA-like methods as the one used in our study is that they work well with small samples. 7 These are shares and other variable-income securities and participation in affiliated and non-affiliated companies (i.e. investments) and all investments in fixed income securities as well as government securities (i.e. liquid assets).
[Insert Table 1 Around Here] Table 2 presents the results of Model 1 (i.e. intermediation approach) whereas Panel B shows the results of Model 2 (i.e. production approach).
Empirical Results
Following
[Insert Turning to the decomposition of EFCH into PTECH and SECH we also observe that they are both positive on average with changes equal to 2.0% and 2.5% over the period of our analysis.
To test the statistical significance of the differences between the two models, we use a Kruskal-Wallis test. The results indicate that the differences in EFCH, TCH and TFPCH are statistically significant between the two models, at least at the 5% level, although PTECH and SECH are not statistically significant 8 . As mentioned before, there is no general agreement in the literature as for the most appropriate approach and whether the results of Model 1 are intuitively more appealing than those of Model 2, and visa versa, is a matter of subjective judgment. Grifell-Tatje and Lovell (1997) mention that the production approach is preferred when the analysis focuses on bank productivity, while the other approaches are most suitable when the focus is on bank profitability. However, Berger and Humphrey (1997) argue that the intermediation approach may be more appropriate for evaluating entire financial institutions while the production approach may be better for evaluating branches of financial institutions. Table 3 shows means of total factor productivity change by bank over the period of our analysis. According to Model 1, bank number nine experiences the highest decrease in TFP that is equal to 13% while on the other hand bank number eleven experiences the highest increase that is equal to 7.8%. In total, two banks experience an increase in TFP whereas the remaining eleven experience a decrease. In the case of Model 2, banks nine and eleven are again the ones that experience the highest decrease and increase in TFP these being 11.8% and 21% respectively.
However, in this case only two banks record a negative change in TFP.
[Insert However, Worthington (1999) undertook a similar exercise in his study of Australian credit unions and found that larger credit unions tended to exhibit greater efficiency gains over the period, and these could be mainly attributed to improvements in scale efficiency. In the case of smaller credit unions, efficiency increase was mainly attributed to improvements in technical efficiency.
[Insert Table 4 Around Here]
In our case, the results indicate that smaller banks experience lower decrease 
Conclusions
The Greek cooperative banking industry has a history of approximately ten years.
Despite the competition that they face and the relatively small market share that they hold in the Greek banking industry, cooperative banks have demonstrated an improvement in most financial aspects and expansion of their branch network over the last years. Furthermore, by focusing on small and medium enterprises and private citizens, they provide support, and encourage the development of local enterprises.
Hence, they play an important role in the development of the local economy.
In this study, we used the Malmquist index to examine for the first time the total factor productivity change in the Greek cooperative banking, in contrast to previous studies in Greece that have considered only commercial banks. Our sample consisted of a balanced panel dataset of 78 observations from 13 banks over the period [2000] [2001] [2002] [2003] [2004] [2005] . We estimated two models, one based on the intermediation approach, and another based on the production approach. The results were mixed. The first model indicated a small decrease (3%) in total factor productivity whereas the second model indicated an increase by 6.6%. We also compared the results on the basis of banks' size and found that TFP growth was higher for smaller banks on average over the entire period of our analysis. However, these results were not robust across the years. Furthermore, the differences between the groups were not statistically significant.
Future research could compare the productivity growth of cooperative and commercial banks, examine the cost, and profit efficiency of cooperative banks, and investigate the relationship between corporate governance and productivity. 
